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Molten Metal Pumping Device 

Field of the Invention : 

The present invention relates to devices for pumping molten metal. More particularly, ihe 
5 invention relates to a more efficient molten metal pump that includes low-maintenance, ea:>y-to-replace 

components. 

Background of the Invention : 

Devices for pumping molten metal (referred to herein as molten metal pumps or pumping 
1C devices), particularly molten aluminum, and various components that can be used with these devices 
are generally disclosed in U.S. Patent No. 2.948,524 to 

Sweeney et al. and U.S. Patent No. 5.203,681 to Cooper entitled 'Submersible Molten Metal Pump." 
the disclosures of which are incorporated herein by reference. 

A problem inherent in prior art devices is costly, time-consuming maintenance. Molten metal 

15 pumping devices operate in an extremely hostile environment, usually a molten aluminum bath. The 

molten aluminum is maintained at a temperature of 1200-I500 3 F and contains contaminants, such as 
magnesium, iron, dross and pieces of brick. Additionally, chjorine gas. which is highly corrosive, is 
usually released in the molten aluminum to react with and remove the magnesium. As a result of the 
high temperatures and chemical composition of the metallic bath, the bath is extremely caustic and 

20 gradually oxidizes the pumping device's components. 

Another problem with molten metal pumps is related to the pressure generated by pumping the 
metal and the presence of solid particles within the molten metal bath. Molten metal pumps include a 
motor, a rotor shaft, a rotor tor impeller) and a pump base. The pump base has a chamber formed 
therein, an input port(s) (also called an inletfs)) and a discharge that leads to an output port (also called 

2 5 an outlet). The input port and discharge are in communication with the chamber. The motor is 

connected to the rotor shaft and drives, or spins, the rotor shaft, connected to the rotor, which is located 
within the pump chamber. The molten metal enters the chamber through the input port(s) and the 
spinning rotor forces (i.e., pumps) the molten metal through the discharge and out of the port. 

The pressure generated by pumping the molten metal can cause the rotor shaft to move 

3 0 eccentrically (i.e. to wobble). Further, if solid panicles such as slag or brick enter the pump chamber 

and strike the rotor, the rotor shaft is jarred. Eccentric movements and sudden changes in speed caused 
by jarring can damage the rotor shaft or the coupling that joins the rotor shaft to the motor drive shaft. 
In order to prevent the rotor shaft from breaking, and to prevent damage to the coupling, the coupling 
should be flexible to allow for movement. 
3 5 Further, when dross, pieces of brick or other solid particles enter the pump chamber they may 

wedge between the rotor and the upper wall of the pump chamber, which may cause the rotor to jam 
and the rotor shaft to break. One solution to this problem is described in U.S. Patent No. 5.203.681 to 
Cooper entitled "Submersible Molten Metal Pump/' This patent discloses a pump having a non-volute 
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pump chamber to allow for the passage of solids. Ev C „ if mis design is utI , I2ed . however ^ ^ 

may st.lt wedge between the upper wall of the pump chamber, or upper wear ring, and the rotor, thus 
jamming the rotor. 

Further, molten metal pumps come in several versions, one of which is referred to as a transfer 
pump. A transfer pump normally has a discharge formed in the top of the pump hous.no A metal 
transfer condu,,. or nser. extends from the discharge and out of the metallic bath where u'.s senera.lv 
supported by a metal support structure known as a superstructure and is connected to a 90- elbow The 
transfer pump pumps molten metal through the discharge and through the metal-transfer conduit and 
elbow where i, exits into another metallic bath chamber (i.e.. the moiten metal is transferred to another 
chamber.. Lnul now. the metal transfer conduit has been cemented to the discharse openm* and to the 
steel superstructure. Although cementing the conduit generally works well, it is extreme* difficult to 
replace a metal-transfer condu.t so connected because: I ) the pump must be removed from the metallic 
bath and cooled. 2) the cement must be chiseled away. 3) the new conduit must be assembled and 
cemented to the discharge. 4) the conduit must be cemented to the steel support.ng structure, and S> the 
new cement must be cured to remove moisture, a process that, by itself, normally takes approx.ma.elv 
twenty rour hours. The enure replacement operation can take up to two days. 

Summary of the Invention : 

The present invention solves these and other problems by providing a molten metal pump.ng 
dev,ce comprising a molten metal pump including a rotor sized to fit within the pump chamber and to 
extend beyond the pump input port. As the rotor spins, the portion extending beyond the input port 
deflects many solid particles rather than allowing them to enter the pump chamber. This reduces the 
likelihood of jams occurring. Optionally, the rotor can be a dual-How dev.ee. One embodiment of a 
dual-flow rotor of the present invention has substantially vertically-onented vanets. that have a top 
portion angled towards the horizontal axis. As the rotor spins, the angled top ponion(s) direct the 
molten metal down into the pump chamber and the vertically-oriented portion^ direct the molten metal 
outward against the wall of the pump chamber, where the metal is eventually directed out of the 
discharge. 

The pumping device of the present invention also includes a novel coupling for connecting the 
rotor shaft to the motor drive shaft wherein the coupling compnses a first coupl.ng member and a 
second coupling member with a flexible disk disposed therebetween. The first coupling membe. 
connects to the motor drive shaft and the second coupling member connects to the rotor shaft. If the 
rotor shaft moves eccentrically or is jarred, the flexible disk absorbs the movement, whether it be side- 
to-side or up-and-down, or a combination of both, in a full 360° range, thus preventing the rotor shaft 
trom breaking and preventing damage to the coupling or to the motor shaft. Furthermore, the couplings 
performance relies solely on the flexibility of the disk; i, does not require lubricants to maintain its 
flex,b.I,ty. Additionally, the coupling is not connected to either the motor drive shaft or rotor drive shaft 
by a threaded connection. It drives the rotor shaft by transferring force through coupling surfaces that 
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mate with surfaces of the rotor shaft, which is described in greater detail herein. 

The present invention also includes a pumping device comprising a transfer pump having a 
metal-transfer conduit that is not cemented or similarly affixed to the pump base or ,ne steel 
superstntcture. Preferably, the metal-transfer conduit has a first end configured to either rest on a button 
attached to the pump output port or to fit into an angled bore formed in the dischar«. The metal- 
transfer condim also has a second end opposite the firs, end that « supported bv a two-piece coupling 
that engages the condu.c without the use of cement or other sealant. With the noncemented structure 
of the present invention, it takes only a few hours to replace the metal-transfer conduit. 

Further, any vemcal member, such as the metal-transfer conduit, support posts or shaft of the 
present invention can be prov.dcd as a plurality of connectable sections so that the section in contact 
w„h .he extremely corrosive surface of the metallic bath may be individually replaced or be formed of 
highly corrosion-resistant material, such as ceramic: whereas the rest of the condu,, mav be formed of 
less expensive material, such as graphite. This structure also allows for the replacement of an individual 
worn section of a vertical member, instead of having to replace the cnt.re member. 

It is therefore an object of the present invention to prov.de a pumping device that increases 
pumping efficiency. 

It .s a further object of the present invention is to prov.de a dcv.ee thai includes a dual-flow 



rotor. 



It is a further object of the present invention to reduce jamming that occurs in molten metal 
pumping devices. 

It is a further object of the present invention to provide a pumping device that reduces 
maintenance; downtime. 

It is a further object of the present invention to provide a pumping device including a rotor shaft 
coupling that allows for eccentric movement and that does not requ.re lubrication. 

It is a further object of the present invention to provide a pumping device including a rotor shaft 
coupling that has no threads. 

• - It is a further object of the present invention to provide a transfer pump including a metal- 
transfer conduit that is not cemented to the pump base. 

It is a further object of the invention to provide a transfer pump as defined above wherein the 
metal-transfer conduit is supported by a pump superstructure without the use of cement 

It is a further object of the present invention to provide sectional vertical members including 
a sectional rotor drive shaft, sectional support posts and a sectional metal-transfer conduit wherein the 
sections can be connected with or without the use of cement or other sealants. 

It is a further object of the present invention to provide a furnace thermocouple integral with 
the pump. 

These and other objects will become apparent to those skilled in the art upon reading the 
following description and appended claims. 
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Brief Description of rh g Drawing - 

Figure 1 is a front, partial-sectional view of a molten metal pump in accordance w„h lhtf 
mvention hav.ng a pump discharge formed in the side of the pump housing. 

Figure la is an enlarged, sectional front view of the pump chamber shown in Fig. I having a 
5 90' elbow attached to the output port and a transfer conduit attached to the elbow. 

Figure 2 is a front perspective view of a pump in accordance with (he present mvenuon havn* 
a discharge and output port formed in the top surface of the pump housing and a iransfer condu,, bavin- 
one end attached to the output port and one end secured to the superstructure. 

Figure 3 is an enlarged perspective view of a clamp used to secure the metal-transfer conduit 
iC to the pump superstructure without the use of cement. 

Figure 4 is an exploded view of the clamp shown in Fig. 3. 

Figure 5 is an exploded, partial cross-sectional view of an alternate clamp thai can be used 
10 secure die metal-transfer conduit without the use of cement. 

Figure 6 is a perspeenve v, C w of a rotor ,n accordance with ihe present mvenuon. 
Figure 7 is a side, cross-sectional view showing the rotor of Fig. 6 portioned in a pump 
chamber. 

Figure 8 is a perspective view of a dual-flow rotor in accordance with the invention. 
Figures 9a-9d are perspective v.ews of alternative dual-flow rotors in accordance with the 
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Figure 10 is a perspective view of a shaft coupling in accordance with the present invention. 
Figure 10a is an exploded, perspective view of the coupling shown in Fig. 4. 
Figure 1 1 is a partial, rear perspective view of a transfer pump base having a button attached 
to the pump outlet port. 

Figure I - is a front cross-sectional v.ew of an alternative transfer pump base including a matmg 
2 ; metal-transfer conduit in accordance with the invention. 

Figure 1 3 shows a sectional metal-transfer conduit in accordance with the invention. 
Figure 13a shows an alternative sectional metal-transfer conduit in accordance with the 
invention. 

Figure 14 shows a furnace thermocouple mounted in a support post in accordance with the 
30 invention. 

Figure 15 shows a pump base having a stepped surface that mates a substantially-tight 
connection with a riser tube having a stepped end. 



Detailed Description »f«i Pr eferred Frntvyti^ n, 

Referring now to the figures, where the purpose is for describing a preferred embodiment of 
the invention and not for limiting same. Fig. 1 shows a pumping device 10 submerged in a metallic bath 
B, Device 10 has a superstructure 20 and a base 50. Superstructure 20 is positioned outside of bath B 
when device 10 is operating and generally comprises a mounting plate 24 that supports a motor mount 
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26. A motor 28 is mounted to mount 26. Motor 28 is preferably electnc or pneumatic although, as used 
herein, the term motor refers to any device capable of driving a rotor 70. 

Superstructure 20 is connected to base 50 by one or more support posts 30. Preferably posts 
30 extend through openings (not shown) in plate 24 and are secured by post clamps 32. which arc 
preferably bolted to the top surface ( preferred) or lower surface of plate 24. 

A motor dnve shaft 36 extends from motor 28. A coupling 38 has a firs, coupling member 100. 
attached to dnve shaft 36. and a second coupling member 1 80. attached to a rotor shaft 40. Motor dnve 
shaft 36 drives coupling 38 which, in turn, dnves rotor shaft 40. Preferably neither coupling 38 nor 
shaft 40 have any connecting threads. 

Base 50 is preferably formed from graphite or other suitable material. Base 50 includes a top 
surface 54 and an input pott 56. preferably formed in top surface 54. A pump chamber 58. wnich ,s ,n 
communication with port 56. is a cavity formed within housing 50. A discharge 60. shown in Fig. la. 
is preferably formed tangentially with, and ,s in fluid communication with, pump chamber 58 
Discharge 60 leads to an output port 62. shown ,n Fig. la as being formed in a side surface of housms 
50. A wear ring or bearing ring 64 is preferably made of ceramic and is cemented to the lower edge o( 
chamber 58. Optionally, device 10 may incorporate a metal-transfer conduit, or riser. 300 connected 
to output port 62. Conduit 300 ,s preferably used in conjunction with an elbow 508 to transfer the 
pumped molten metal into another molten metal bath. 

The rotors of the present invention may be used with any type of molten metal pump: they arc 
not limited to use in transfer pumps. As shown in Fig 1 . rotor 70 is attached to and driven by shaft 40. 
Rotor 70 is preferably placed centrally within chamber 58. Refemng to Figs. 6-7. rotor 70 is preferably 
triangular (or trilobal) having three vertically- oriented vanes 72. and is imperforate, being formed of 
solid graphite. Rotor 70 may. however, have a perforate structure, such as impellers referred to in the 
an as bird cage impellers, have any number of vanes, and be of any shape, and formed of any material, 
so long as it extends beyond input port 56 of base 50 when device 10 is in operation. As it will be 
understood, should input port 56 be formed in a surface other than top surface 54 of base 50. rotor 70 
would still extend beyond input port 56. so that it can deflect solid panicles and prevent them from 
entering the input port. 

Rotor 70 funher includes a connective portion 74. which is preferably a threaded bore, but can 
be any structure capable of drivingly engaging rotor shaft 40. Angled shoulders 76 are formed as part 
of vanes 72. A flow blocking plate 78 is preferably formed of ceramic and is cemented to the base of 
rotor 70. Plate 78 rides against bearing ring 64 and blocks molten metal from entering or exiting 
through the bottom of chamber 58. (Alternatively, plate 78 could be replaced by a plurality of 
individual bearing points, or the bearing ring could be eliminated, in which case there would be 
3 5 openings between the tips and wear ring 64 that would function as a second input port.) 

Preferred dual-flow rotor 80 is shown in Fig. 8. Rotor 80 has the same overall design as 
previously-described rotor 70 except that vanes 82 each include a vertically-oriented portion 84 and a 
ponion 85 at the top 86 of at least one vane 82 that is angled towards the horizontal axis H. The 
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respect.ve venica, and horizona. oncntauon of the pon.ons desenbed here, , s in reference l0 ., ^ 
posutoned ,n a standard p ump havmg an inpu , pon m ,„ (op ^ ^ ^ ^ > ™ 

any rotor having one or more vanes, where, a, .ease one vane includes a ponion ,„at forces mo ,,en 

of the pump chamber through the pump discharge. 

Alternative dual-flow rotor designs are shown in Figs. 9a-9d. The dual-How rotor of the present 
dev.ee preferably extends beyond the pump inlet, but need not do so 

.00. ad sk 50 and a second coupling mcmber 1S0 . Rrstcoupling membcr lQQ „ 

of metal, and most preferably steel, and compnses a collar 102 and an annular flange .04 Collar .0^ 
has an open.ng 1 06 dimens.oned to receive the fee end , no. shown) of motor drive shaft 16 Collar |* 
has threaded apertures .08 (preferably three) radially spaced about its periphery. Apertures ,08 
threadmg.y rece.ve bolts 1 .0 when shaft 36 is rece.ved in opening .06. and bo,*, ,0 are t,»h,ened 
agatnst the outer surface of shaft 36 to secure co.lar .02 and. hence, coupling member .00 to snaf, 36 
Alternately, connects means other than collar .02 having bolts . . 0 may be utilized. F.anue .04 is 
preferab.y integrally fonncd with co.lar .02 and includes apertures 1 12. wh.ch are radia.lv spaced 
thereabout. - ¥ ° 

Disk 150 is preferably a multiple lam.nate comprised of pieces of thin, flex.ble metal 
(preferably steel, although other materials may be used, Disk 150 has radiallv spaced apertures 15^ 
arcuate recesses 154 fanned about a penphery 156 and a circular opening 1 58 formed centra.lv therein' 

Second coupling member 1 80 is designed to receive and drive rotor shaft 40. Membcr 1 80 is 
preferably formed of metal such as steel or aluminum although other materials mav be used Coupling 
member .80 preferab.y includes a connective portion .82 and a drive ponion 184. Connective portion 
182 pre.erably includes three radially-spaced. threaded bores (not shown, and three radia.lv-spaced 
dtmples (not shown, on an upper surface 183. The bores and dimples are s.zed and spaced so 'that they 
canahgn w„h apertures ..2 and .52. In the preferred embod.ment. the threaded bores and dimp.es on 
surface 1 83 alternate. 

Drive ponion 184 includes a socket 186. which preferably has two opposing flat surfaces 188 
and two opposmg annular surfaces 1 90 so that ,t can receive and drive a retor shaft 40 having a first end 
(not shown, configured to be received ,n and driven by socket 186 without the use of cement or a 
threaded connection. Socket 1 86 includes aligned, apenures 1 92. that will align with a cross-ax.al bore 
( no. shown) formed in rotor shaft 40. When rotor shaft 40 is received in socket 186. a bolt ,not shown, 
or p,n and clip (not shown) is passed through one apenure 192. through the cross-axial bore in shaft 40 
and out of the second apenure 192. If a bolt is used, a nut (not shown) is then threaded onto the end 
of the bolt to fasten it. This connection is used to venically align shaft 40 and hence rotor 70 in pump 
chamber 58. and preferably is not used to help drive shaft 40. In the embodiment shown, a bolt (or pin) 
does not drive the shaft. 

When assembled, first coupling member 100 is placed on disk 1 50 and aligned so that apenures 
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align w,* ap,™, ,5:. ita^m.^, pas!ed ^ , htee ^ , ,, 

disk 150 against firsc coupling member 100. " 
Disk 1 50 is then placed on surface I S3 so (hat the nuts on bolts 1 94 arc received within ,„ „■ , 

As shown in Figs. I. la. 2. 1 1 and 12. pumping device 10 maybe a transfer pump i„ which 
case -t w,„ eith er include transfer pump base 50. or base 50 or base 50". althoueh o her I 

C ° nf — C ° U,d ^ USCd AS PreVi0US ' y deSCrib ° d - « Fig- --base 50 

upper surface 54 and a discharge 60 leading to an output pon 62. wh.ch is f orni od ,n a side of base 50 
«as used here.n. the tern, discharge refers to ,he passageway leading from the pump chamber to the 
output port, and the output port is the actua. opening in the exterior surface of the pump base) An 
extens.cn piece 1 1 is attached to output pon 62 and defines a passageway formed as an e.bow so as to 
d.rect the How of the pumped molten metal upward. A meta.-tran.sfer conduit 300 is connected to 
extension member , , and. if secured in the manner known in the an. is cemented thereto (Such an 
arrangement is generally described in U.S. Patent No. 5.203.68 1 to Cooper) 

As shown in Figs. 2 and 1 1 . a base 50' may include a button 200 that is pre ferab.v attached to 
or mtegral.y formed with, base 50'. As shown, button 200 has a cylindrical base 202 and a tapered 
poruon 204. A preferably cylindrica. passage 206 is defined within button 200. Cylindrical base V* 
has a bottom edge 208 that rests on. and is preferably cemented to. upper surface 54. where i, preferably 
surrounds output port 62 so that output port 62 and passage 206 communicate with one another 

A metal-transfer condu.t. or riser. 300 is used in conjunction with base ». Conduit 300 is 
preferably cy„„dncal and has a first end 302' that is intemal.y dimens.oned to receive tapered poruon 
-04 of button 200 to create a substantially tight connection without the use of cement or other sealant 
As used herein, the term substantially tight connection means that when molten metal is pumped 
through output port 67 and through button 200 into metal-transfer conduit 30O. i.e.. mere may be only 
a mtntmal amount of .eakage. (Alternatively, the connection between the button and the riser may be 
stepped as illustrated in Fig. 15. and other substantially tight connections may also be used. Button '00 
may be of any size and shape as long as it allows for a substantially tight connection between i, and 
condu,t30O. Additionally, a high temperature fiber gasket material, such material bein* known to those 
skilled m the art. can be used to help seal between the button and the metal-transfer conduit 

In another aspect of the invention generally shown in Fig. 12. a base 50" is shown which has 
the same configuration as base 50 except for output port 62". which is tapered or otherwise 
dimensioned to recede end 302" of conduit 300" to form a substantially tight connect™. The object 
of the mventton is thus satisfied when the metal-transfer conduit forms a substantially tight metal 
transfer connection with the output pon without the use of cement or other sealant although as 
mentioned previously, a high-temperature gasket may be used. 
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As shown ,„ Flg . 2 conduit 300 ^ , sccon<J ^ ^ ^ j$ 
preferably by be,ng clamped by an adaptor 350. Adaptor 350. shown ,„ Fig. 4. is p.fcrab.v a two-p.ece 
clamp that nghtens around end 304 of conduit 300 and support, it w.thou, the use of cemen, or other 

352 has an upper flange 356. a curved, semi-cylindnca. section 358 and two lo wer flanscs 360 36^ 
respective*, on either side of section 358. Apertures 363 are prov.ded in flanges 356. 360 and 36 " 
Second portion 354 inc.udes an upper flange 364. a curved. sem.-cy.indnca. sccuon 366 and 
■wo.ower flanges 368. 370. Apenures 37, m provided in flanges 364. 368 and 370 A mountm, pla « c 
j,. is connected to upper flange 364. preferably by weldins. 

A mounting brace 374 has a venica. flange 376. a horizontal flange 378 and support ribs 380 
Mounung brace ,74 is connected to superstructure 20 by positioning it on superstore 20 so tha, the 
apenures 381 in honzonta. flange 378 align with apertures (not shown) in superstructure 20. and bol«n« 
brace 374 to superstructure 20. The mounting brace 374 cou.d so be welded to or be an inteerai part" 
of superstructure, 20. 

Once brace 374 is secured to superstructure 20. pomon 354 i s seemed to brace 374 bv alanine 
apenures 37, in p.acc 372 with apertures 381 in vertical flange 376. and bolts are passed through the 
al.gned apenures so as to secure pomon 354 to brace 374. The second end of a riser, such as second 
end 304 of nser 300'. is then place against semi-cylindrical section 366. First ponion 3- is then 
connected to second ponion 354 by pressing flanges 360 and 368. and flanges 362 and 370 tottether 
The apenures ,n the respective pairs of mated flanges are aligned and bolts are passed therethrough to 
connect pomon 352 to ponion 354 when first ponion 352 and second ponion 354 a* connected, second 
end 304' ,s pressure fit within semi-cylindrical sections 366 and 358. and is thus secured without the 
use of cement and other sealant. Adaptor 350" is also the preferred clamping mechanism when conduits 
300- or 300" are used. The combination of adaptor 350 to provide for sealant-free connecuon a, the end 
of the metal-transfer condu,, supponed by the superstructure and sealant-free connection between the 
output pon 62" or 62" and firs, end 302' or 302". respectively, allows for simp»e. quick removal and 
replacement of conduit 300" or 300". Adaptor 350 may include a protrusion or projection or other 
structure that mates with a corresponding structure on the riser so as to venically locate the riser with 
respect to the pump base and for superstructure an embodiment of a clamp in accordance with the 
3 0 invention is shown in Fig. 5. 

A preferred adaptor 350" is shown in Fig. 5. Adaptor 350" generally comprises two clamping 
sect.ons 352' and 362". As shown, the clampmg sections are mirror images of each other, therefore only 
secuon 352' will be described in detail. Section 352' has outer flanges 354' and 356\ wherein each of 
sa,d flanges preferably includes a single circular apenure 360". Section 352' is formed so as to create 
two generally flat, angled clamping surfaces 358 1 . Also shown in Fig. 5 is an elbow connector plate 37">- 
and a mounting plate 380". 

Adaptor 350' is utilized by placing a generally cylindrical riser tube between sections 35->- and 
354'. aligning flanges 354\ 364' and 356'. 366' and pairs of apenures 360'. 370'. Bolts orother 
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in forming the riser tube. ' ^ d 

Cbmp 3» ».*„, cla mpi „ 8 SCCIions . cach of wh , c „ te ,„„ , 
»*c« „ P . fcm , SMX « W , B may be ^ towr . , f „ ^ mo ^ ^ 

. » _ ^ tavi . ^ one . w more lhan , wo „„ surfaccs . is ^ 

u one c lamp ,„ s scc „ 0 „ havc a , least , wo subsla „ lia||y ^ c , 3nipins !<() 

Tjtir " Pran,S ' 0 " " Proieai<> " ' OCa ' 5 ri! " Wi ' h " UmP ""*• " 

_ M. 300. 300 «, 300- are . amm , p _ s A|Knia , |vcly b shown 

m f * -TT mSU '-" ,U,Sf " Ct '" < ""' 500 <* » ■* ■» P"*- T„ mi „ s , 0 Fit . , 3 . COMuil 
500 . fenced o, *. ^ , submers i ble . „ towe , ^ 5 „, , ^ ^ - 

», „„„ or ^ use „ mera „ ^ A(fd . 

assembled by means of threaded connections. ' 

The value of providing sectional conduit 500 is tha, the material of which the vanous sections 
are tormed may be se.ected to match the conditions to which they wil, be exposed. The conditions 
w,th.n a molten metal furnace vary greatly from within the metallic bath, to the surface of the metallic 
bath to the atmosphete above the bath. When the proper materia, is used for each environment, the life 
of the conduit is extended at a minima, cost. For example, the surface of metallic bath B is the most 
causttc env,ronment to which conduit 500 is exposed. I, is therefore desirable to make sectton 504 
whtch ,n th, embodiment wi„ mos , often be exposed to the surface, of highly chem.cal.v-rcsistant 
ceramtc. Ceram, is relative* expensive as compared to graphite, however, and graphite ,s satisfactory 
for the environment within bath B and the atmosphere above bath B. Therefore, it is prc ferab.e w fonn 
sections 502 and 506 from graphite. 

Alternatively, each section 502. 504. 506 may be formed of graphne. Sect.on 504 which is 
exposed to the caustic surface of the molten mctai bath, wears out more quickly. Because the conduit 
. modular, however, sect.on 504 above may be replaced instead of replacing the entire conduit 5 00 
Th, s reduces matena. waste and costs. Further, as exp.amed below, by providing the tube in sections 
the .ength of the tube can be varied, according to the heigh, of the pump, simply be adding or 
subtracting a section of tube. This reduces and simplifies inventory. In summary, by providing a 
secuonal conduit 500. the operational life of the conduit is extended at a minimal cost. 

Fig. 13a shows another embodiment of the invention wherein sections 503". 504' and 508" are 
connected by threaded connections. 

Additionally, the present pump device can be modular, meaning that the vertical member*. 
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A preferred embod.men, having now been described, it will be understood that the invention 
, not thus hmued. but is instead set forth in the appended chums and legal equiva.ent, thereof. 
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II 

What H Claimed \ y 

I • A device for pumping molten metal comprising: 

a) a superstructure; 

b) a motor on said superstructure, said motor connected to a drive shaft: 

C) U PUmp baSC havin * 3/1 in P u < P°«- - Camber formed therein, and a discharge leading 
to an output port; 

d) a support post connected to said base and to said superstructure: 

e) a rotor within said chamber, said rotor extending beyond said input port: 
fi a rotor shaft connected to said rotor: 

10 S ' 3 C ° Up,ing f ° r COnnCC,in ? " id ™» ^aft to said dnvc shaft, said couolin S con**- 

a t.rsc coupling member and a second coupling member and a flexible disk positioned 
between said members; 

h) a metal-transfer condu.t fanning a substantially tight connection wth sa.d output pon 
without the use cement or other sealant: and 
13 0 3 thermocouple contained within said support post. 

2. A rotor for use in a molten metal pump chamber, said rotor having one or more vanes whetem 
at least one of said vane(s) has a generally vertical port.on and an angled portion above said 
generally ven.cal port.on. said angled portion for directing molten metal into said pump 
chamber and said vertical portion for directing molten metal out of said chamber. 

3. 



20 



25 



A transfer pump including a pump base, said base having an input pon. a chamber, a discharge 
leadmg to an output port and a button extending from said output port, sa.d button for 
connectmg to a metal-transfer amdurt to faulitate a substantially tight connectron therebetween. 

A transfer pump as defined in claim 3 wherem said button i s integrally formed with said pump 
base. 

A transfer pump as defined in claim 3 wherein said button is attached to said pump base. 

6. A transfer pump as defined in claim 3 that further includes a metal-transfcr conduit forming a 
substantially tight connection with said button. 

7. A transfer pump as defined in claim 6 wherein said metal-transfer conduit is dimensioned to 
3 5 connect said button and is connected to said button without the use of cement or other sealant. 



30 



8. 



A transfer pump comprising a pump base, said base having an input port, a chamber, a 
discharge leading to an output pon and a metal-transfer conduit forming a substantially tight 
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connection with said output port without the use of cement or other sealant. 

9. A transfer pump as defined in claim 8 where.n said output port and sa,d discharge form 
angled opening for receiving an end of sa.d metal-transfer conduit. 



10. 



10 ||. 



14. 



15. 
16. 

17. 

18. 



an 



A dev.ee for pumping molten metal, said device eompr.sing a motor and a pump base hav, nc 
an input por t. a chamber and a discharge .eading to an output port, sa.d device funhcr 
compr.s.ng a rotor w.thin said pump chamber, said rotor extending beyond sa.d .nput pen. 

A device as defined in claim 10 wherein said rotor is imperforate. 

A device as defined in claim 1 1 wherein said rotor is triloba!. 

A device as defined in claim 1 1 wherein said rotor is quadralobal. 

A device as defined in claim... . wherein said device funhcr-compnscs a chamber wall and said 
rotor mcludes one or more vanes wherein at least one of said vanes includes a portion that 
d.rects molten metal into said chamber and at least one of said vanes includes a pon.on that 
directs molten metal outward against the wall of said chamber. 

A metal-transfer conduit comprised of a plurality of interconnected sections. 

A support post for a molten metal pump comprised of a plurality of interconnected 
sections. 



A rotor dnve shaft for a molten metal pump compnsed of a plurality of 
interconnected sections. 

A metal-transfer conduit as defined in claim 15 wherein said sections are interconnected 



3 0 without the use of cement or other sealant. 

19. A metal-transfer conduit as defined in claim 15 wherein one of said sections is comprised of 
ceramic and the other sections arc comprised of graphite. 

35 20. A method for removing a metaMransfer conduit from a molten metal pumping device, said 
method comprising the steps of: 

a. providing a molten metal bath: 

b. providing a molten metal pumping device positioned in the molten metal bath. 
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c; 
d) 

e) 
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said device including: 

i- a pump base having a pump chamber, an inpu, pon and a discharge 

leading to an outpuc pon: 
»• one or more support poses extending from said base: 

a superstructure attached to and supported by one or more of said 
support posts: 

iv. an adaptor attached to said superstructure: 

a metal-transfer conduit having a first end that forms a substantially 
tight connection with said output pon without the use of cement or 
other sealant and a second end retained by said adaptor without the 
use of cement or other sealant; 
removing said device from the molten metal bath: 

loosening said adaptor and removing said second end without remov.ne any 
sealant: and 

disconnecting said first end of said metal transfer eondui, from said output 
pon without removing any sealant. 

21. Acoupling for use in a molten metal pumping device, said coupling conneone a motordrive 
shaft to a rotor shaft, said coupling comprising: 

a) a first coupling member connected to said motor drive shaft: 

b » a second coupling member connected to said rotor shaft: said second coupling 

member spaced from said first coupling member: and 
O a flexible disk disposed between said first coupling member and said second 
coupling member, said disc connected to said first coupling member. 

22. A device for pumping molten metal comprising: 

a) a motor connected to a motor drive shaft: 

a coupling having a first coupling member connected to said drive shaft and 
a second coupling member spaced from said firs, coupling member, said 
second coupling member including a socket having two opposing flat surfaces 
and two opposing annular surfaces, said coupling further comprising a flexible 
d,sk disposed between said first coupling member and said second coupling 
member, said disk connected to said first coupling member and connected to 
said second coupling member; 

a rotor shaft having a firs, end received in said socket, said first end being 
configured so mat it drivingly engages said socket, said rotor shaft having a 
second end; 

a pump base including a pump chamber, an input pon and a discharge leading 



b) 



c) 



d) 
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to an output port: and 

■> a rotor connected to said second end of said rotor shaft, said rotor positioned 
within said pump chamber. 

23. A support post for use in a molten metal pumping device, said post including a cavtv for 
retention of a thermocouple. 

24. A support post as defined in claim 22 further comprising a thermocouple retamed within sa ,d 
cavity. 

25. A method of forming a driving connection between a coupling and rotor shaft used in a molten 
metal pumping device, said method comprising the steps of: 

a. providing a molten metal pump.ng device, said dcv.ee including a rotor and 
a rotor shaft; 

b. providing a coupling, said coupling having a first coupling member, a second 
coupling member and a flexible disk d.sposed therebetween, said second 
coupling member including a socket having two fiat surfaces and two radial 
surfaces; 

providing a rotor shaft having an end formed to be received in said socket and 

substantially driven by said fiat surfaces; 
d. connecting the first coupling member to the motor shaft: and 
c inserting said end of said rotor shaft into said socket. 



9. 



6 An adaptor for mounting a riser tube, said adaptor being formed of a plurality of connectable 
sections, at least one of said sections including a substantially fiat clamping surface. 

7. A molten metal pumping device including a base and a thermocouple, said thermocouple beine 
affixed to said base. 

8. A device as defined in claim 21 wherein said thermocouple is retained within said base. 

A device for pumping molten metal, said device comprising a motor and a pump base 
havtng an input port, a chamber having a chamber wall, and a discharge leading to an 
output port, said device further comprising a rotor within said pump chamber, said 
rotor including one or more vanes wherein at least one of said vanes includes a 
portion that directs molten metal outward against the wall of said chamber and at 
least one of said vanes includes a portion that directs molten metal into said chamber. 
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30. 



A roror dnve shaft having a firs, cnd connectablc , 0 „ ro(or ^ ^ ^ 
connectablc io a coupling member having a socket with two ft. surfaces and ,u,, 
rad.al surfaces, said second end having two flat surfaces, wherebv sa,d second end is 
rece.vcd in said socket and said rotor shaft is primarily driven bv the force transferred 
irom sa.d flai surfaces of said socket to said flat surfaces of said second end 
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A molten metal pumping device is disclosed that 
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chamber (58) output port (11) rotor (70). rotor shaft 
(40), superstructure (24). motor (28). drive shaft (361 
and coupling (38). The dual-flow rowr (70) extends 
oeyond the input port (56) to deflect solid panicles and 
direct molten metal both into the chamber and out 
through the discharge. Hie coupling is flexible and has 
two coupling members (100. 180) a flexible disc and a 
socket-like connection to the rotor shaft (40) The 
housing (50) includes a discharge (11) leading "to an 
output port and a button adaptor extending from the 
discharge to connect metal transfer conduit (300) 
without the use of cement Connection of this condut 
(300) to the superstructure (24) uses an adaptor (409) to 
avoid the use of cement. All vertical members such as 
the support posts metal transfer conduit (300) and rotor 
shaft (40) may be sectional. A stationary component of 
the device may retain a thermocouple. 
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1. Claims: 1,10-14 

Rotor design with the inlet part extending beyond the input 
port 



2. Claims: 2.29 

Rotor design with at least one vane having a generally 
vertical position and an angled portion above said vertical 
portion 



3. Claims: 3-9,20 

A metal transfer conduit forming a substantially tight 
connection with the output port without the use of cement or 
other sealant 



4. Claims: 15-19 

Metal transfer conduit, support post and rotor shaft are 
comprised of a plurality of interconnected sections 



5. Claim : 21 

Coupling with seperate flexible disk 



6. Claims: 22,25*30 

socket like coupling to connect the rotor shaft to the 
second coupling member 



7. Claims: 23,24,27,28 

Integrated thermocouple 



8. Claim : 26 

Adaptor for mounting metal transfer conduit on super 
structure 
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